In this study, a pilot wastewater treatment plant was used to evaluate the co-treatment of biological-staining residues and domestic wastewater under non-sterile conditions. A novel microbial consortia formed by Trametes versicolor, Trametes sp, Pleurotus ostreatus, Pseudomonas fluorescens, Pseudomonas azotoformans, Pseudomonas sp, Enterobacter xianfangensis and Bacillus subtillis was inoculated in an extended aeration type bio-reactor. The treatment units were operated during three consecutive cycles during a period of 147 h. After the last operating cycle, the concentrations of Chemical Oxygen Demand, Biochemical Oxygen Demand, Color Units, Total suspended solids, and the pH value were 1695 mg/L, 105 mg/L, 106 CU, <0.001 mg/L and 5.8 respectively. The initial values of wastewater were 6755 mg/L (COD), 2005 mg/L (BOD 5 ), 1367 (CU), 566 mg/L (TSS) and 7.0 (pH) respectively. The reduction of pollutants load was related with the ratio of the two types of wastewater (3.5:0.5) combined to increase biodegradability, the concentration sults of root weight showed that there are significant differences between the initial water and the effluent obtained after the operational cycles (p = 0.00470). The highest root weights (1 -1.12 g) were found in plants irrigated with water obtained from the last treatment cycle.
Introduction
Hospitals, Universities, and Research Centers are public service providers that generate every day considerable volumes of Domestic Wastewater (DWW) and Non-Domestic Wastewater (NDWW). Generally speaking, most of these institutions accumulate and store NDWW in special containers that are collected by companies specialized in its neutralization and final disposal. Despite implementing waste management programs, occasionally small volumes of NDWW could be mixed with DWW and be released to the sewage system. This represents a risk for receiving water bodies due to the chemical complexity of NDWW that may contain potentially dangerous substances such as dyes, endocrine-disruptors, pharmaceutical compounds, organic pollutants and pathogenic microorganisms resistant to antimicrobial [1] [2] [3] [4] . Journal of Water Resource and Protection werage system in the Colombian country (first resolution) or only for Bogota city (second resolution). The third resolution adopts disposables related to the use of treated wastewater. All three were established in order to improve wastewater treatment, ensure effective control of pollution, promote sustainable development and be in accordance with international standards. Because the need to have more efficient and economic technologies that allow companies perform the new environmental policies, physical, chemical and biologic alternatives has been explored. Among biological alternatives, the use of the fungal and bacterial consortia can be utilized for increasing the removal efficiency in treatment plants of this kind of wastewater [11] . Among these systems, the use of ligninolytic fungi in association with heterotrophic, mesophilic and aerobic bacteria represents a viable option. The success of the consortia is based on synergic interactions. First, fungi transform colorants and other aromatic compounds into less complex products eventually used by bacteria [12] . White Rot Fungi modifies aromatic compounds by producing unspecific enzymes such as Laccases and Peroxidases [13] [14] . These enzymes act on chemical structures similar to lignin which is their natural substrate. Other enzymes produced by the same type of fungi (Aryl alcohol oxidase, glyoxal oxidase and aryl alcohol dehydrogenase) contribute to the transformation process by creating co-factors such as Hydrogen Peroxide. This chemical agent is responsible for the activation of peroxidases compound I, and also triggers biologic Fenton-like reactions that end in the production of highly reactive oxygen species [15] [16] . These chemical species play a role in the non-enzymatic degradation of lignin and aromatic compounds such as dyes [13] [17] .
Furthermore, aerobic bacteria may degrade aromatic compounds or aliphatic by-products by releasing various enzymatic systems like the mono-oxygenases, di-oxygenases, tyrosinases, hexane-oxydases and aminopyrine N-demethylase [12] [18] [19] . Some studies found that certain dyes may induce the bacterial production of Lignin Peroxidase and Manganese Peroxidase [20] [21] . The combined action of fungi and bacterial enzymes and the adsorption process to the microbial cell-wall could improve substantially the removal of pollutants with a variety of chemical structures.
Occasionally, nutritional modifications to wastewater are made by adding nutrient solutions or liquid sub products before starting the actual treatment. This is due to the complexity of the liquid residues (NDWW) and the lack of easily available sources of carbon, nitrogen and other nutrients that can be taken by microorganisms [22] . This alternative might be viable but it increases the costs of treatment. Another less explored possibility implies the use of DWW as co-substrate of degradation. DWW represents a rich source of nutrients, like organic matter, several forms of nitrogen and organic phosphorus that are more biodegradable than NDWW or landfill leachates [23] [24] . A combination of wastewater to make a co-treatment represents a sustainable environmental solution since it uses two types of wastewater that can be depurated in treatment Journal of Water Resource and Protection plants. Moreover, the final effluent may be used in irrigation systems of plants not consumed directly or indirectly by humans or animals [10] .
The present study evaluated novel microbial consortia at pilot plant scale, formed by Trametes versicolor, Trametes sp, Pleurotus ostreatus, Pseudomonas fluorescens, Pseudomonas azotoformans, Enterobacter xianfangensis and Bacillus subtillis for the co-treatment of Biological-staining wastewater (BSWW) and domestic wastewater (DWW). Additionally, post-treated wastewater was used for irrigating ryegrass perenne at greenhouse scale. This plant is extensively used in several countries as an alternative for recreational areas and recuperation of degraded soils. It possesses a fast germination and growth rate [25] . It has a moderate tolerance to salinity and depending on the variety it shows a good growth in soils with Electric Conductivity (EC) of 3 dS/m [26] . The use of the effluents derived from the plant treatment evaluated in this study represents an alternative of reuse in recreational areas and gardens.
Materials and Methods

Microorganisms
Fungi Pleurotus ostreatus (HPB/P3), Trametes versicolor (HPB/T2), Trametes sp. (HPB/T6) and Bacteria (Pseudomonas fluorescens, Pseudomonas azotoformans, Enterobacter xianfangensis and Bacillus subtilis) were obtained from the microbial collection of the laboratory of Environmental and Soil Microbiology (Pontificia Universidad Javeriana, Bogota, Colombia). Fungi reactivation was performed following the methodology reported by Morales et al. [27] . Bacteria reactivation was done following the protocol recorded by Mesa et al. [28] .
Production of Microbial Cosortio (Fungi/Bacteria) Used in Bio-Reactor Tests
The fungal inoculum was obtained by individually adding 5 disc of EST agar colonized (7 days) by each fungus to Erlenmeyer flasks (250 mL) containing 100 mL of wheat bran extract broth (WBEB) [25] . The Erlenmeyer flasks were orbital-shaken during 7 days at 30˚C and 120 rpm. Pellets formation was observed at the end of incubation time. Scale-up was performed in pneumatic bio-reactors of Bacterial suspensions of 5 mL were prepared in saline solution (0.85% w/v).
The bacteria concentration in each suspension was 10 × 10 8 cells/mL. These 4 suspensions were mixed in equal proportion (1:1:1:1). Purity and viability of inoculum were verified using Gram staining, and culturing serial dilutions in Nutritive agar.
The fungal/bacterial consortia were prepared by mixing 333 mL (fungal bio- 
Wastewater Ampling and Characterization
This study used two types of wastewater. 
Step Descent Optimization
Step descent optimization was used to determine the minimum volume of DWW required for supplementing the BSWW and performed the co-treatment.
The best treatment from the factorial design 2 2 was selected as the center point 
Pilot Plant Evaluation
The pilot treatment plant ( The retention time for this unit was 30 min. Finally, the system was connected to two filtration units with retention times of 2 minutes. The filtration material was quartz sand and activated carbon (ratio 1:1). In order to extend the usable life of the filtration units and avoid silting of the filtration material a washing valve was installed.
The treatment plant was evaluated during 3 consecutive cycles of 49 hours up to a total of 147 h. Samples were taken at the time 0, 24 h and 48 h, in each cycle in order determine the following parameters COD, BOD 5 , SST, pH, dissolved oxygen, total fungus count, total bacterial count and enzymatic activity (Laccase, MnP and LiP). In order to evaluate changes in the UV-Vis absorption spectra due to modification of the absorber species, UV/Vis spectra (200 -800 nm) were determined for the sample pre and post-treatment to evaluate changes in absorption spectra of colored compounds in the sample.
Greenhouse Re-Use Test
The effluent obtained after each cycle of treatment was characterized in order to Journal of Water Resource and Protection The response variable was RDW (Root Dry Weight) [35] . The Analysis of variances was performed using R statistical software in R wizard platform [36] .
Additionally, the following parameters were also tested, the concentration of 
Results and Discussion
Wastewater Characterization
The results of the initial characterization of BSWW are shown in Table 2 . Different factors such as the high value of COD and BOD 5 , grease, color, and the low treatability ratio of BOD 5 /COD, less than 0.5 make of this residue especially Journal of Water Resource and Protection 
Factorial Design 2 2 with 3 Center Points
The results of the ANOVA suggest that the models were significant in terms of COD and color removal since high regression coefficients were found (0.98 and 0.95). Moreover, the model showed a great precision with a value > 4.0. The most important factor for both response variables was DWW (X 2 ) with p values of 0.0039 and 0.0101 for COD and CU respectively. For this factor the regression coefficients were −90.5 and −27.5, indicating that should be evaluated in its lower level (1 L DWW). Optimization studies could reduce more this value (Table 3) .
Additionally, significant differences between treatments were found for the parameters COD and CU. Concerning COD, the best treatment was T3 (BSWW and DWW 1 . Under these conditions, the Fungal/Bacterial consortia could obtain nutrients faster in order to support the primary metabolism. During this time dyes might be adsorbed to the cell wall surface and then bio-transformed by the action of extracellular enzymes [41] .
Step Descent Optimization
The results obtained during the Factorial design 2 2 indicated that factor X 2 had negative regression coefficients in terms of COD and color (−90.5 and −27.5). This suggests that DWW volume can be reduced even more to optimize the re- . This indicates that under the same operational conditions the experiment is reproducible. In regards to the step descent experiment, significant differences were found between treatments (p < 0.0001). The descent number 1 (ratio of 3.5:0.5) showed the lowest values of COD concentration (400 mg/L) and color units (130 CU) (Figure 2(b) ) in comparison with descent 2 and 3. This could imply that DWW is required and even at lower concentrations its presence could influence the performance of the consortia.
In order to increase biodegradability of BSWW, this was supplemented or adjusted by combining with DWW (ratio, 3.5:0.5). DWW was responsible for providing organic matter and nutrients that might be easily taken by Fungal/Bacterial consortia ( Table 2 ). Preliminary tests carried out by the research group showed that fungi and bacteria used in this study were capable of produce cellulases, hemicellulases, lipases and proteases (Data not showed). These results indicate that consortia was capable of use DWW as substrate and thus favor the co-treatment of the chemically more complex BSWW.
Pilot Plant Experiments
The wastewater was characterized and results are shown in Table 2 . This initial characterization was used in the experiments at pilot plant scale (3. (Figure 3(a) ).
Discoloration during cycle 1 was higher than cycle 2 and 3. Significant differences between cycles were found (p < 0.0001). This can be related to dye removal caused by biomass adsorption. Cycles 2 and 3 showed CU equivalent to 121 and 106 CU after 99 and 149 h respectively. Following each cycle, biomass surface became saturated, and therefore the removal efficiency decreased. Despite having this level of variability between cycles, it is certain that fungal/bacterial consortia was capable of removing color during the 3 consecutive cycles, since the final values of color were less than 1000 CU (Figure 4(b) ). This result is important considering that Colombian law requires a maximum value of 1000 CU in wastewater before disposal in the sewage system of Bogota [9] Data demonstrate lower results than at the beginning, due to remotion based on adsorption and biotransformation especially at 525 nm and 620 nm ( Figure 5 ).
Concerning the mechanisms involved in the color removal, it is well known that bacterial and fungal wall contain certain polysaccharides considered as polyelectrolytes formed by quitine and peptidoglycan [42] . These polyelectrolytes The pH values registered during the process in the bioreactor ( Figure 5 (c)) decreased gradually from 7.0 to 5.8. This value was below the pK for this type of dyes (6.9 and 8.6). As a result of this trend, the biomass surface was not charged. It is possible that adsorption during the first hours of treatment was related to weak bonds such as hydrogen bonds and Van der Waals interactions [27] .
In relation to COD response to operational time and cycles, it was determined that initial concentrations were 6755 mg/L, 5400 mg/L and 5100 mg/L, for cycle 1, 2 and 3 respectively. Biological treatment reduced the COD concentration after each operational cycle. This was evidenced after secondary sedimentation and in the output of sand and activated carbon filters (Figure 3 The increase in Fungi and Bacteria concentration due to biotransformation and consumption of organic matter present in wastewater was also tested during pilot plant processing (Figure 4(a) ). At the beginning of the biological treatment, the microbial concentration was 5.5 and 8.3 Log 10 UFC/mL for Fungi and bacteria respectively. During the entire process fungal concentration was lower (3.0 -7.6 Log 10 UFC/mL) than bacteria (7.0 -8.8 Log 10 UFC/mL). The differences between the total counts of the two microorganisms that form the inoculum are explained by the presence of fewer complex by-products released by the fungi.
Bacteria can use these compounds along with the biodegradable organic matter found in DWW to growth at a faster rate than fungi. The counts for thermotole- Although enzymatic activity did not disappear completely, it was probably reduced due to the action of extracellular proteolytic enzymes released by the Journal of Water Resource and Protection consortia itself or by the natural microflora present in the DWW. As it was mentioned before fungi and bacteria produce unspecific proteases that can hydrolyze peptide bonds. The ligninolytic enzymes are catalytic proteins, thus, they could have been hydrolyzed, especially during cycle 3, since biomass could suffer from aging and saturation processes [47] .
The action of ligninolytic enzymes in dyes degradation begins with the Laccases. This group of enzymes performs a successive oxidation of conjugated rings and creating free radicals. These aromatic rings are part of the chromophore structure which is responsible for color. Once the dye is adsorbed to the fungal cell wall discoloration is potentiated by laccase action [2] [27] [44] .
Laccase can also demitilize, releasing methyl groups. This effect is commonly Other signals were found in ultraviolet region. These were found at 270 nm and 225 nm and were associated with the aromatic rings that form the chemical structure of certain dyes and alcohols. The intensity of these signals also decreased during the treatment (three cycles), indicating that the aromatic rings were oxidized by the enzymes and also adsorbed to the filtration units.
Reuse of Post-Treated Water in Irrigation Tests
In order to test the post-treated water in the irrigation tests of Lolium perenne at Greenhouse scale, this was characterized in terms of its physicochemical and microbiological characteristics. This test will help to determine in the future this type of wastewater can be used irrigation systems of garden and non-urban areas like in the green areas of faculty campus where the experiments took place.
The untreated wastewater has a moderate level of salinity and sodium content. water, a special control of salinity could be required even if there is a good drainage system (Table 4 ).
According to high thermotolerant coliform counts, the wastewater treated cannot be used for the production of food for human or animal consumption. Although the biological mechanisms still unclear and required further studies, the presence of salts (EC of 3 mS/cm) can help intake of nutrients by the plant despite of its concentration in soil [51] . Take into account the results of the present study is important to continue the studies related to the final concentration of this element in soils irrigated with treated water.
Finally Figure 7 presents each of the stages developed to perform the treatment of wastewater and its reuse for greenhouse irrigation. In the upper part we can see the bacteria and fungi that make up the consortia. In the central part, the 
Conclusions
A pilot plant for wastewater treatment was used to evaluate a co-treatment of biological-staining residues and domestic wastewater under non-sterile condi- The dosing 3.5:05 of BSWW and DWW was adequate to perform the co-treatment in the bio-reactor, operating during three consecutive cycles and accumulating a total of 147 h. By mixing the two types of wastewater in the above-mentioned ratio, it was possible to remove more than 90% of COD, BOD 5 and CU. Additionally, it is possible to affirm that Color, COD and BOD 5 removal were related to adsorption phenomena, the action of ligninolytic enzymes and fungi and bacteria growth. The effluent obtained after the last cycle of treatment (3 cycles) showed a variable salinity and sodium contents. Therefore, the application of this liquid residue will depend on the drainage quality of soil and the capacity of the plants to tolerate moderate to high concentrations of salts.
Finally, biomass of Lolium perenne was higher when post-treated water was used in comparison with untreated wastewater and drinking water. The garden soil combined with quartz sand (50% w/w) did not evidence salinity increases, facilitating its use in soils with good drainage and plants with moderate tolerance to salinity.
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